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其他金属，如 In 或者 Al 后，其禁带宽度在 0.7~6.2eV 之间连续可调，并且均为直接带
隙，对应的发光波长覆盖深紫外-可见-红外光范围。因此 GaN 被广泛用于制备如发光二
极管(Light Emitting Diode, LED)和激光二极管(Laser Diode, LD)等半导体发光器件，其
中 LED 作为一种体积小，能耗低，寿命长的新型照明光源，应用越来越广泛。传统的
GaN 基 LED 采用蓝宝石绝缘衬底，水平结构，不可避免地存在因电流的横向扩展导致
的电流拥堵效应，使得器件存在发热量大，散热困难，光电转换效率低等问题。垂直结
构 LED 因为其独特的结构设计，解决了上述普通结构 LED 的诸多问题，有着电流分布
均匀，开启电压低，光提取效率高等优点，一经提出便广受关注。但是垂直结构 LED 需
要在 p 型 GaN 表面制作兼顾接触电极和反射镜功能的反射镜电极。由于 p 型 GaN 难以
获得较高的空穴浓度，且其功函数高达 7.5eV，所以反射镜电极的制作十分困难。在本
论文中，我们使用一种新的工艺方法，针对蓝光波段的 LED 制作了 NiAg 基反射镜电























层中的 Ni 氧化生成透明的 NiO，有效降低了电极与 p-GaN 之间的势垒。同时 GaN 中




得的电极在 450nm 波长处的反射率达到 94%，比接触电阻率为1.31×10&'Ω ∙ 𝑐𝑚,。 
4．针对紫外波段选取 NiAl 金属系作为电极材料，实验发现 NiAl 金属系无法与 p-
GaN 之间形成欧姆接触，因此借鉴蓝光波段的实验结果，使用 NiAg 薄层制作接触层，
接触层退火后再沉积 Al 反射层，并进行整体退火。因为接触界面 Al 的扩散、氧化与 Ga
元素的扩散作用相互制约，整体退火的温度对 NiAl 系电极的电学性质有明显影响，采
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Abstract 
As wide-band gap semiconductors, GaN which has outstanding physical and chemical 
properties and its ternary alloys have tunable directband gaps from 0.7eV to 6.7eV which cover 
the whole visible spectral region and reaches to infrared and ultraviolet regions. GaN is widely 
used for semiconductor light emission devices such as light emitting diode or laser diode which 
LED as a kind of small volume, low energy consumption, long life new lighting source, more 
and more widely applied. Traditional GaN based LED withinsulating sapphire substrate and 
horizontal structure has current crowding effect caused by lateral extension of current 
inevitably which lead the device to heat dissipation problem, low light efficiency and so on. 
The flip-chip LED with uniform current distribution, low threshold voltage, high light 
extraction efficiency which can solve the problems above attracts great attention. However, the 
implementation of reflector electrode for flip-chip LED is hard due to thep-GaN whose work 
function is up to 7.5eV couldn’t obtain a high concentration of holes. In this thesis, we use a 
new method based on the concept of decoupling the contact and mirror to fabricate NiAg metal 
combination as reflector electrode of blue-ray LED and NiAl metal combination as reflector 
electrode of ultraviolet LED, meanwhile we studied the key technique in this process. The main 
contents are summarized as follows: 
1. Separate the growth of contact layer and reflect layer, annealing twice for contact layer 
and entire electrode respectively. 
2. Using dot circular transmission line model to fitting the resistivity of the electrode and 















3. For blue LED, NiAg based reflector electrode has been implemented. It was found that 
NiO result from contact layer annealing decrease the barrier between p-GaN and the electrode, 
the spreading of Ga improvehole density of p-GaN surface layer. The factors above reduce the 
resistivity. With long time contact layer annealing, the increasing of Ag2O around interface 
enhance the barrier which cause decreasing of resistivity. The reflectivity at 450nm of electrode 
with new process methodusing optimized conditionsreaches 94% and the resistivity was 1.31×10&'Ω ∙ 𝑐𝑚,. 
4. For UV-LED, the NiAl metal combine is unable to form ohmic contact with p-GaN, so 
we choose NiAg to implement contact layer. For the counteract between oxidation of Al around 
interface and the spreading of Ga, entire electrode annealing have less infect on NiAl based 
electrode than NiAg ones. NiAl based reflector electrode has been implemented using the new 
process method, the reflectivity at 300nm reaches 84% and the resistivity was 1.34×10&'Ω ∙𝑐𝑚,. 
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品形式走进了千家万户，GaN 材料光电子器件也已经成为 21 世纪最蓬勃的绿色产业之
一。GaN 基二极管诞生后的几十年间，科研工作者不断提出新的结构、新的工艺方法以
改进其性能和发光效率，这个新兴产业拥有光明的未来。 
1.1 GaN 基发光二极管  
发光二极管(Light Emitting Diode, LED)的基本组成是半导体 PN 结，在供给一定的
正向电压时，导带中的电子有一定几率随机与价带中的空穴复合，并以光子的形式释放
复合所产生的能量。20 世纪 90 年代之后，宽禁带半导体化合物材料的制备技术逐渐成
熟，由于以 GaN 为主的直接带隙半导体材料在发光器件制备这一领域，有着其他材料
难以比拟的优势，GaN 迅速成为 LED 制作的核心材料。 
1.1.1 GaN 材料的结构与性质 
在半导体材料中，Si 和 Ge 一般被称之为第一代半导体；在上世纪中期出现的化合
物半导体如 GaAs、GaP、InP 及其合金材料为第二代半导体；而宽禁带 (𝐸/ ≥ 2.3	𝑒𝑉) 



















温、高频半导体器件和蓝绿光以及紫外光电子器件的核心材料，备受关注 [1, 2]。 
以 GaN 为代表的Ⅲ族氮化物半导体材料，如 GaN、AlN、InN 和它们组成的多元合
金 (InxGa1-xN, AlxGa1-xN)等，其禁带宽度覆盖了从紫外到红外的大部分光谱范围
( 𝐼𝑛𝑁:	𝐸/ = 0.7	𝑒𝑉; 𝐺𝑎𝑁:		𝐸/ = 3.4	𝑒𝑉; 𝐴𝑙𝑁:	𝐸/ = 6.2	𝑒𝑉) [3, 4]。在一般情况下，氮化物半
导体材料有三种晶体结构：六方对称的纤锌矿结构(Wurtzite)、立方对称的闪锌矿结构
(Zincblende)以及岩盐矿结构(Rocksalt)，图 1.1 为三种结构的示意图。 
 
 
图 1.1 Ⅲ族元素氮化物的三种晶体结构：(a) 纤锌矿结构 (b) 闪锌矿结构 (c) 岩盐矿
结构 
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